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1 The effect of color breaking on colored quarks' chiral condensates has been inves- 

ZT^ ' tigated at zero temperature and moderate baryon density. It is found that the 

^ ^ ' influence of the diquark condensate on different colored quarks is very small. 
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' The QCD phase structure along the baryon density direction has attracted 

, much attention recently since it was found that the gap of the color supercon- 

' £ uctivity can be of the order of 100 MeV due to the non-perturbative effects 
El. From experimental point of view, the region of moderate density is of great 

' interest, since it is expected that the color superconductivity might be realized 

^ , in heavy ion collisions and in the interior of the neutron stars. The model cal- 



' culations in this region show a strong competition between chiral condensate 

, and diquark condensate □ □ and □, i.e., in the chiral limit, when diquark con- 

densate appears, the chiral condensate disappears. Thus in the chiral limit, 
it is impossible to see the influence of the diquark condensate on different 
colored quarks. In the real physical case, the chiral condensate would not 
disappear entirely in the color superconducting phase, we will investigate the 
' difference between the quarks participating in the diquark condensate and the 

quark which does not involve in the diquark condensate by calculating colored 
^ ^ quarks' chiral condensate. 

1^ , The model we used is an extended Nambu-Jona-Lasinio model which is 

1-^^ ' defined through the following Lagrangian density. 
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X 



here Gs and Go are independent effective coupling constants in the scalar 
quark-antiquark and scalar diquark channel, mg is the current quark mass, 
assuming isospin degeneracy of u and d quarks. 

After bosonization, introducing the 8-component spinors ^E* and for 
the quarks participated and not participated the diquark condensate, the 
partition function can be evaluated as 

/■^ r rr2 A+A- 
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where 



(2) 




A+ [G, 



. 



with [Gjl^]"^ = (po ± /i)7o — 7 ■ P — W,Po = i^^n in the momentum space. 

Using the energy projector A± tl, for the quark does not participate the 
diquark condensate, its propagator can be expressed as 



± _ 7qA+ 7oA- 
Po + Ep Po- Ej 



while the propagators of the quarks participated the diquark condensate can 
be expressed as 



ro - Ef pI - Ef 



= ^^^70 + ^^f^^oA- , (5) 



with E^ =Ep± ^, E^^ = Ef^ + A2, and Ep = ^p^+w?. 

In the mean-field approximation, one can evaluated the thermodynamic 
potential as 

+ E+ + 2rin(l + e-'^^i) + E^ + 2T\n{\ + c-'^^a)]. (6) 

Extremizing f2 leads to the two coupled gap equations 

TO — Too + cr, cr = —2Gs < qq >, 

A = -2Gd < fee'-f^q >, (7) 

where the chiral condensate is the sum of different colored quarks' chiral 
condensates, i.e., < qq >= 2 < qiq^ > + < qsq'^ >, which can be evaluated by 
using the colored quark propagators 

< qsq' >= -^TX: / (0iKG+], < q,q' >= -^T^ J ^tr[G^m 

The parameters toq = 0.0055GeV, Gs = 5.320GeV-^A/ = 0.637GeV 
are determined by fitting meson properties, the parameter Go in principle 
can be determined by the nucleon properties, here we choose Gd — 2/3Gs- 
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Our numerical calculations are at T = 0. In the case without diquark 
condensate, we solve the chiral gap equation as a function of chemical po- 
tential fj,, and get the corresponding fl(a,A = 0,/^); In the chiral condensate 
and diquark condensate coexisting case, we solve the coupled gap equations 
Eq. and get the corresponding value of Q{a, A, ii). The thermodynamic 
potential ri(CT, A,/i) (the triangle points) and il.{a, A — 0,/i) (the solid circle 
points) as a function of the chemical potential fi are shown in Fig. la, and 
the phase transition region is seperated in Fig. lb. It is found that in both 
cases, there exists a metastable region, where thermodynamic potential has 
two values. The lower thermodynamic potential corresponds to the stable 
phase. In the case of no diquark condensate, the critical chemical potential 
of the chiral phase transition ii^ — 0.3453Gey, which is a little larger than 
that fi^ = 0.3401GeT^ of the phase transition of color superconductivity. It 
is also found that after the phase transition, the thermodynamic potential 
fi((T, A, /i) < ^{a, A = 0, /x) at the same fi, 

In the color superconductivity phase, the different colored quarks' chiral 
condensates are shown in Fig. 2a as a function of the chemical potential /i, 
the region after the phase transition are plotted seperately in Fig. 2b, the 
triangle points and the solid circle points are for the quarks participating and 
not participating in the diquark condensate. It is found that the difference 
between different colored quarks' chiral condensates is about IMeV, which 
is very small comparing with the value of the chiral condensate and diquark 
condensate in this phase. It can be regarded that the color symmetry breaking 
has little influence on different colored quarks. 
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Fig. 1 .a 




Fig.1 .b 
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Fig.l. The tlicrinodynatnic potential n{a, A, ^) (the triangle "^f^ioints) and 
n{a,A = 0,/i) (thc^iSid'ftrcle points) as a funetion of the^dEeSifcal potential 
fj, in a, and the phase transition region is sepcratcd in b. 

Fig. 2. Different eolored quarks's ehiral condensates as a function of /i in 
a, the region after phase transition is plotted seperately in b, the triangles and 
the solid points are for the quarks participating and not participating in the 
diquark condensate respectively. 
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